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Summary
Objective: Reliable evaluation of joint space width and subchondral sclerosis of osteoarthritic joints is difficult. The present study describes
a new digital method to analyse standard radiographs of the ankle.
Design: Standardized radiographs were taken of the ankle of 12 patients with severe osteoarthritis (OA) under full weight-bearing conditions,
before treatment and 1 year after initiation of treatment. Treatment consisted of 3 months distraction of the tibio–talar joint, for which clinical
benefit has been shown previously. The width of the joint space was measured on digitized images of the radiographs by means of the newly
developed semi-automatic digital technique called AIDA (Ankle Images Digital Analysis) and by means of the most widely used conventional
analogue measurements. In addition, AIDA was used to assess subchondral sclerosis by measuring the intensity of the radiograph at fixed
positions at the bone–cartilage interface.
Results: AIDA appeared to be a reliable method for measuring small changes in joint space width and subchondral sclerosis because the
intra- and interobserver variation was small. Mean JSW for two observers was 1.96 and 2.00 mm, with mean differences between two
observations of 0.05 and −0.01, respectively. Mean subchondral sclerosis in the tibia was 1.52 and 1.61 with mean differences between two
observations of, respectively, 0.00 and 0.03. In addition to conventional measurements, AIDA could demonstrate a decrease in subchondral
sclerosis as a result of joint distraction of 71% and 69% after 1 year for talus and tibia, respectively.
Conclusion: The use of AIDA is preferable to the conventional analogue method for evaluating the severity of ankle OA, because the method
provides quantitative data not only for the joint space width but also for subchondral sclerosis. © 2001 OsteoArthritis Research Society
International
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Osteoarthritis (OA) is a slowly developing degenerative
joint disorder characterized by damage of articular carti-
lage, changes in subchondral bone, and osteophyte for-
mation1,2. Objective quantification of these changes is still
difficult. Imaging techniques such as ultrasonography are
not sensitive enough to evaluate the severity of OA3.
Arthroscopic evaluation, although sensitive for evaluating
cartilage surface irregularities, has the disadvantage of
being an invasive surgical procedure. Moreover, it is not yet
clear whether it can detect subtle changes in the joint over
time3. Magnetic resonance imaging (MRI) is a promising
technique, but has not yet evolved far enough to detect
subtle changes in joint cartilage. Currently, it seems to
underestimate the extent of cartilage abnormalities as seen264with arthroscopy3–5. Radiographic evaluation also has its
drawbacks: there appears to be a significant difference in
actual damage of articular cartilage as judged by arthro-
scopic evaluation and the abnormalities found on radio-
graphs. Brandt and colleagues6 found that approximately
40% of patients with normal radiographs actually had ad-
vanced cartilage lesions when examined with arthroscopy.
Despite these drawbacks, radiography is a non-invasive,
inexpensive and fast method to assess the severity of joint
damage, and is still considered the golden standard.
The most important features of OA visualized on radio-
graphs are joint space narrowing, subchondral sclerosis,
osteophyte formation, and subchondral cysts. Grading sys-
tems have been developed for several joints on the basis of
radiographically observed changes related to OA7,8. The
most frequently used grading system for measuring the
severity of OA in several joints is the one of Kellgren and
Lawrence8, which emphasizes the development of osteo-
phytes. However, the only parameter that can be given in
exact measures up to now is the joint space width (on
weight-bearing radiographs the mean distance between
the bone ends corresponds to the thickness of the articular
cartilage). Objective measurement of the radiographic joint
space width has been reported for the knee9–11, for the
hip12,13 and for the ankle14. In their study, Lo¨fvenberg
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RADIOGRAPHY
Normal standardized mortise views (rotated inwards by
20°) were taken under full weight-bearing. The standard
settings were 50 kV, 20 mAs and focal film distance (FFD)
was 110 cm, with the ankle close to the film. Twelve
patients with severe OA of one of the ankles, who were
treated with joint distraction, were included. Different tech-
nicians (as in routine clinical practice), who followed a short
protocol in order to optimize standardization, took radio-
graphs. Radiographs were taken of both ankles before
treatment and of the osteoarthritic ankle 1 year after
initiation of the treatment. These standard radiographs
were used for conventional analogue measurement of joint
space width and for digitization.CONVENTIONAL MEASUREMENT OF JOINT SPACE WIDTH
Joint space width is defined as the interbone distance of
the tibio–talar joint. The joint space width was measured,using a ruler, as the distance between the bone ends of the
talus and tibia at five positions at equal distances from each
other and from the left and right edge of the talus, a
modification of the method of Lo¨fvenberg et al14. The five
distances, measured between the bone ends of the talus
and tibia, were used for further calculations.DIGITIZATION
For computerized measurements digitization of the
radiographs was performed at 8 bits with a spatial resol-
ution of 300 dpi. Each image was transformed into a
standard orientation, so that the fibula was located on the
right side of the image. These images were used for
analysis of joint space width, subchondral sclerosis, and
deviation of the tibio–talar joint.IMAGE ANALYSIS
A newly developed method was used, Ankle Images
Digital Analysis (AIDA), in which a computer operator
carries out an interactive analysis on a UNIX workstation.
The main part of the program has been written in the object
oriented programming language C+ +, while a Tcl/Tk pro-
gramming language is used for the user interface. The
interactive measurement consists of four consecutive
steps: (1) line drawing, (2) positioning of circles, (3) calcu-
lation of a possible deviation of the joint angle and assess-
ment of a reference circle and (4) extraction and checking
of the quantitative results. Enlargements on the screen
(using nearest neighbour interpolation) can be performed
when required.(1) Line drawing
Three lines L1, L2 and L3 are drawn by the operator (Fig.
1. L1 is a line bordering the medial side of the talus, L2 is a
line grossly depicting the talus bone cartilage interface
(only used to position five perpendiculars), and L3 is a line
bordering the lateral side of the talus.(2) Positioning of circles
Five lines perpendicular to line L2, are automatically
calculated from the intersection points A and B and are
drawn at equidistant positions on the screen. The operator
then interactively indicates all 10 points of intersection of
the perpendiculars with the edges of the tibia and the talus
(i.e. points Z1–Z5 and X1–X5, respectively). With each
mouse click, the interface shows three circles connected to
each other on the perpendicular as feedback to the user.
Thus, the position of the circles with a diameter of 1/10 AB
can be seen and adjusted immediately if necessary.(3) Calculation of the deviation of the joint angle
and assessment of reference circle
The program automatically calculates two lines that best
describe the edges of the tibia and the talus with the joint
space, performed by linear regression of the two series of
five points that were interactively defined by the operator
(X1–X5 and Z1–Z5). The angle between the so-called
contour lines is automatically calculated. The referenceet al.14 evaluated the radiographs of patients with instability
of the ankle by measuring the joint space width, with a ruler,
as the distance between the bone ends of the talus, the
tibia, and the fibula at five positions on standard non-
weight-bearing anterior–posterior (AP) and internal oblique
(45°) radiographs and at three positions on lateral radio-
graphs. They found in patients with residual unilateral
symptoms of instability, a consistent difference in joint
space width between the affected ankle and the contra-
lateral ‘stable’ ankle.
The accuracy of measurements of joint space width can
be improved by digital image analysis of the radiographs,
by standard radiography of the joint, by correction for
radiographic magnification, and by microfocal radiography,
as proposed by Buckland-Wright and colleagues4. Their
technique for radiography of the knee is based on images
of the knee taken in a standing semi-flexed view in which
the knee is placed such that the tibial plateau is horizontal
and parallel to the central ray of the X-ray beam10,11,15,16.
Although applicable in most clinical settings, this technique
needs more than just standard radiographs to be taken and
was developed for the knee joint only. To improve the
accuracy of joint space width measurements in the knee
they developed a digitized method in which they measure
minimum medial tibiofemoral joint space width, using
specialized edge detection software17.
In the present study a newly developed digital method
(AIDA) was used to analyse normal standard weight-
bearing radiographs of osteoarthritic ankles. This technique
allows direct evaluation of subchondral sclerosis and of a
possible deviation of the angle of the joint in addition to
measurement of the joint space width. Intra- and inter-
observer variation was assessed and, with respect to
results obtained for joint space width, the newly developed
method was compared to the most widely used conven-
tional method. Additionally, the short-term effect of joint
distraction as treatment for ankle OA was used to evaluate
the new digital method. Joint distraction aims at a tempor-
ary (3 months) distraction of talus and tibia using an Ilizarov
external ring fixator, avoiding mechanical stress on the
cartilage and maintaining intraarticular fluid pressure during
walking. This technique has been demonstrated to be
beneficial with respect to pain, mobility, and function18–23,
however, actual repair of cartilage has not been proven
until now.
266 A. C. A. Marijnissen et al.: Ankle images digital analysiscircle reflecting the tibial shaft bone density is automatically
placed on the middle perpendicular of the regression line
through Z1–Z5 of the tibia at a distance AB from the
tibial–cartilage bone interface. The reference circle can be
shifted along the perpendicular to ensure a proper normal-
ization, only necessary if the reference circle is automati-
cally placed above the upper edge of the radiograph (i.e. if
the height of the tibia on the radiograph is smaller than the
distance AB). In our study this appeared to be the case for
only two radiographs.(4) Extraction of the quantitative results
The final results are: (1) the distance between each X–Z
pair of coordinates and the mean distance between X and
Z (i.e. joint space width), (2) the angle between the two
lines through the intersection points of X and Z calculated
by linear regression, (3) the mean intensity (=total intensity
of the pixels/number of pixels) of each circle including the
reference circle and of all circles on three levels adjacent to
the bone–cartilage interface. Joint space width is normal-
ized to the distance AB, normalizing for a possible enlarge-
ment of the radiographs. Joint space width is given in
millimeters and the joint angle in degrees. Subchondral
bone density of each radiograph is normalized to the
reference value of the radiograph of the ankle before
treatment to be able to compare subchondral bone
density in time. This was done using the following formula:=(I−c)/R0, where I=the intensity of the circles of interest,
c=the reference value of the radiograph of interest minus
R0 and R0=the reference value t0, before treatment; thus,
 is a ratio of intensities.METHODS OF EVALUATION
To evaluate the reproducibility of the standard radiologi-
cal procedures, subchondral sclerosis, joint space width
and the angle of the control joints of four patients, radio-
graphed on respectively, three, five, five and six different
occasions by different technicians, were evaluated using
AIDA. Subsequently, the joint space width measurements
obtained with AIDA were compared with those obtained
with the analogue conventional method. Using both
methods, two inexperienced observers without a clinical
background independently evaluated 32 mortise radio-
graphs, including radiographs of osteoarthritic ankles
before and after treatment and controlateral control ankles,
two times on two occasions at least 1 week apart. The
observers were blinded to the source of the radiographs
and to their previous measurements. Subchondral scler-
osis and joint angle deviation were quantified using AIDA
only.STATISTICAL ANALYSIS
Coefficients of variation (CV) were calculated to indicate
the variation of measurements of the control radiographs of
four patients for evaluation of the reproducibility of the
standard radiography method. Statistical methods used to
analyse the reproducibility of a single measurement and to
compare measurements of different observers were based
on graphic techniques and calculations as described by
Bland and Altman24. In brief, intraobserver variation was
determined by plotting the difference in the first and the
second score against the mean of these two observations.
Interobserver variation was determined by plotting the
difference in the first score from one observer and the first
score from the other observer against the mean of the two
scores. The distance between the mean of measurement
differences and zero indicates the bias. For intra- and
interobserver variation 95% confidence intervals of the
differences were calculated. The Wilcoxon rank test was
used to analyse differences between the mean joint space
width, measured using AIDA or the conventional method,
and to analyse differences between pre- and post-
treatment values. The Wilcoxon rank test was also used to
analyse differences between intra- and interobserver vari-
ation for both methods. Mean values±S.E.M. are presented,
P<0.05 was considered to be statistically significant.ResultsFig. 1. Presentation of AIDA. Three lines L1, L2, and L3 are drawn
by the operator (solid white lines). Five lines perpendicular to line
L2 are automatically calculated from the intersection points A and B
and drawn on the screen (black lines). The operator indicates all
10 points of intersection of the perpendiculars with the edges of the
tibia and the talus, and with each mouse click the interface shows
three circles connected to each other on the perpendicular. Circles
are numbered from left to right, from Z1 to Z5 for the tibia and from
X1 to X5 for the talus. The program calculates two lines (dashed
white lines) by linear regression of the two series of five points that
have been defined by the operator. The reference circle is placed
on the middle perpendicular of the upper regression line at a
distance AB from the tibial cartilage–bone interface.REPRODUCIBILITY OF THE RADIOLOGICAL PROCEDURES
Before evaluation of intra- and interobserver variation
of joint space width, subchondral sclerosis and angleJOINT DISTRACTION
Patients with severe ankle OA who had been considered
for arthrodesis were treated by joint distraction, using an
Ilizarov external ring fixator. Distraction of tibia and talus
was carried out for 3 months during which full weight-
bearing was allowed.
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we evaluated the reproducibility of the radiological pro-
cedures. Measurement of joint space width using AIDA
in the control ankles of four patients, radiographed on,
respectively, three, five, five and six different occasions by
different technicians, revealed mean values (±S.E.M.) of
3.16±0.07, 2.56±0.04, 2.48±0.07 and 2.78±0.07. The
coefficient of variation (CV) was 3.8%, 3.9%, 6% and 6.5%,
respectively. The mean bone density on these standard
radiographs was for the tibia 1.49±0.06, 1.61±0.01,
1.35±0.04, and 1.69±0.04 (CV was 6.7%, 1.9%, 5.9%, and
6.7%, respectively) and for the talus 1.29±0.06, 1.56±0.03,
1.28±0.03, 1.67±0.04 (CV was 7.8%, 4.5%, 5.5%, and
5.4%). The mean angle of the control joints was
−1.74±0.35°, −1.77±0.14°, −0.96±0.55°, −0.51±0.10°
(CV was 34%, 18%, 20%, and 47%, respectively).JOINT SPACE WIDTH
One method was not significantly quicker than the other.
AIDA revealed a statistically significantly smaller mean joint
space width for all radiographs measured (2.00 mm±0.15)
than the conventional method (2.40 mm±0.21; P<0.0001).
The mean difference between first and second scores,
standard deviation, range and 95% confidence interval of
differences between first and second scores assessed by
two observers are shown in Table I for AIDA (observer A
and B) and the analogue method (observer A and C). For
each observer, there were small differences between the
first and the second measurements with both methods, the
differences being slightly greater (not statistically signifi-
cantly) for the conventional method than for AIDA. As an
example, Fig. 2 shows the difference between two
measurements (AIDA) of observer A plotted against the
mean of these measurements. The differences in joint
space width did not appear to be related to the mean joint
space width.
The interobserver variation was similar for both methods
(Table II). This shows that people can be easily instructed
to use the newly developed method, AIDA. For both
methods, statistical analysis, according to Bland and
Altman24, did not assess a bias between observers, since
the mean difference between the measurements of two
observers was −0.08 for AIDA and 0.03 for the conven-
tional method, with small standard deviations (0.29 and
0.33 respectively).
To assess the interassay variation, mean values of the
measurements of the two observers were compared. The
interassay variation ranged from −1.05 mm to 0.28 mmwith a mean difference of −0.45±0.32 mm (S.D.) (95% C.I.
−1.09−0.19; Fig. 3).JOINT SPACE WIDTH UPON JOINT DISTRACTION
AIDA was used to measure joint space width before and
after joint distraction of the tibio–talar joint in 12 patients.
Joint space width in the osteoarthritic joint was significantly
smaller than that in the control ankle joint (1.99±0.3 mm
and 2.72±0.2 mm, respectively; P<0.003). Although after a
12-month follow-up the joint space width increased as a
result of treatment in eight out of 12 patients, the changes
were not statistically significant for the total group of 12
patients (Fig. 4). Clinical response (data not shown) was
not correlated with the increase in joint space 1 year after
initiation of treatment.ANGLE BETWEEN TIBIA AND TALUS
Intra- (Table III) and inter- (Table IV) observer variation
was moderate. As an example, Fig. 2 shows the difference
between two measurements of observer A plotted against
the mean of these measurements. The angle of the joint
was defined positive when the joint space was wider on the
lateral side than on the medial side of the ankle. The
contralateral control ankles had a deviation of −1.5±0.5°,
range −6.4 to 0.8°. Before treatment, there was a positive
deviation in five osteoarthritic ankles (3.4±1.5°, range 0.3
to 8.9°) and a negative deviation in seven osteoarthritic
ankles (−2.3±1.6°, range −11.9 to −0.03°). Treatment
did not change either the positive or the negative ankle
deviation significantly (1.8±1.7°, range −3.3 to 5.5° and
−1.3±1.5°, range −9.98 to 2.3°, respectively).Table I
Intraobserver variation in joint space width measurements for AIDA and the conventional analogue method
Observer JSW (mm)
mean±S.D.
Mean 
(mm)
S.D. Range
(mm)
95% C.I.
Ankle images digital analysis
A1–A2 2.00±0.85 −0.01 0.22 −0.66–0.66 −0.45–0.43
B1–B2 1.96±0.77 +0.05 0.26 −0.39–0.82 −0.47–0.57
Conventional analogue method
A1–A2 2.40±1.09 −0.13 0.41 −1.54–0.52 −0.95–0.69
C1–C2 2.44±1.04 −0.29 0.47 −1.90–0.37 −1.23–0.65
Mean =mean difference between first (1) and second (2) scores of observer A, B and C; S.D.=standard
deviation of average difference between first and second scores; range=range of difference between first and
second scores; 95% C.I.=mean difference ±2×S.D.SUBCHONDRAL SCLEROSIS
Subchondral sclerosis could not be quantified objectively
using the conventional method but could with AIDA. It was
possible to measure the subchondral sclerosis at three
horizontal levels adjacent to the joint (mid-point of the
circles at a distance 0.05 AB, 0.15 AB and 0.25 AB, where
AB=the indicated size of the ankle; Fig. 1). The reference
values in the tibial shaft measured in the osteoarthritic
ankle before and 1 year after initiation of treatment and in
the control ankle, when expressed as mean pixel intensi-
ties, did not differ significantly (127±10, range 58–192;
128±13, range 48–199; and 142±9, range 83–196,
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subchondral bone density to the intensity of the shaft for
comparison of these values in time. We determined the
mean intensity of the radiograph in the middle three circles
at the three levels from the bone–cartilage interface,
excluding the left and right borders and in the middle three
circles directly adjacent to the bone–cartilage interface in
tibia and talus. Although the intensity was highest at the
bone–cartilage interface, i.e. the subchondral bone, and
decreased in levels at increased distances from the joint
space, the results for all calculations (variation as well as
effects of treatment) were similar for both approaches. The
mean subchondral sclerosis (expressed as , see Patients
and methods) in the tibia and talus on average for all
radiographs was 1.57±0.03 and 1.56±0.03, respectively.
Intra- (Table V) and inter- (Table VI) observer variation was
modest, i.e. the measurements were highly reliable. As
an example, Fig. 2 shows the difference between two
measurements of observer B plotted against the mean of
these measurements.Fig. 2. Intraobserver variations for measurements of JSW,
subchondral sclerosis, and angle with AIDA. Differences between
first and second observations are depicted against the mean of the
first and second observations. Ninety-five percent confidence
interval is shown (dashed lines).Table II
Interobserver variation in joint space width measurements for AIDA and the conventional analogue method
Method JSW (mm)
mean±S.D.
Mean 
(mm)
S.D. Range
(mm)
95% C.I.
AIDA (A–B) 2.02±0.83 −0.08 0.29 −0.73–0.64 −0.66–0.50
Conventional (A–C) 2.33±1.10 +0.03 0.33 −0.51–0.85 −0.63–0.69
Mean =mean difference between observers A and B, and A and C; S.D.=standard deviation of average
difference between first and second scores; range=range of difference between first and second scores; 95%
C.I.=mean difference ±2×S.D.Fig. 3. Interassay variation in joint space width measurements for
AIDA and conventional method. Differences between observations
of one observer (observer A) using AIDA or the conventional
method are depicted against the mean of both observations.
Ninety-five percent confidence interval is shown (dashed lines).SUBCHONDRAL SCLEROSIS UPON JOINT DISTRACTION
Subchondral sclerosis in the talus and in the tibia of the
osteoarthritic ankle joints was statistically significantly
increased compared to normal contralateral ankle joints
(Fig. 5). One year after initiation of joint distraction, sub-
chondral sclerosis of the osteoarthritic ankles was signifi-
cantly decreased (71% and 69% decrease for talus
and tibia, respectively, Fig. 5), which resulted in a bone
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control ankles (P=0.86 and P=1.00 for talus and tibia
respectively).Fig. 4. Joint space width before and after treatment, measured
using AIDA. ‘Before treatment’: Joint space width (JSW) before
treatment is depicted as the difference (in mm) relative to the joint
space width in the contralateral control ankle. ‘After treatment’:
changes in joint space width upon treatment are depicted as
differences (in mm) relative to the joint space width of the same
affected ankle before treatment. Joint space width in the osteo-
arthritic joint before treatment was statistically significantly smaller
than in the control ankle joint (P<0.003). In eight out of the 12
patients joint space width was increased one year after initiation
of treatment ( ) and in four patients joint space width was
decreased ( ).Table III
Intraobserver variation for each observer in measurements of the angle between tibia and talus
Observer Angle
mean±S.D.
Mean  S.D. Range 95% C.I.
A1–A2 −0.10±3.75 −0.08 1.94 −8.88–3.79 −3.96–3.80
B1–B2 0.60±3.08 0.03 1.82 −4.76–4.82 −3.61–3.67
Mean =mean difference between first and second scores; S.D.=standard deviation of average difference
between first and second scores; range=range of difference between first and second scores; 95% C.I.=mean
difference±2×S.D.Table IV
Interobserver variation in measurements of the angle between tibia and talus
Observer Angle
mean±S.D.
Mean  S.D. Range 95% C.I.
A1–B1 −0.02±3.63 0.20 2.19 −3.69–9.12 −4.17–4.57
Mean =mean difference between first and second scores; S.D.=standard deviation of average difference
between first and second scores; range=range of difference between first and second scores; 95% C.I.=mean
difference±2×S.D.Discussion
In this study we have validated a newly developed
method for radiographic evaluation of osteoarthritic ankles,
AIDA, and we used this method to evaluate the short-
term effects of joint distraction in treatment of severe ankle
OA.
The standardized radiological procedures, as used for
AIDA, were reproducible. Measurement of joint space width
and subchondral sclerosis on radiographs, taken at differ-
ent moments by different technicians using a protocol,
showed modest coefficients of variation. Measurement of
the angle deviation showed more variation. This is not
expected to be due to the method of measurement,
because the angle is calculated from the points that deter-
mine the joint space width (X–Z), which has a low CV. It is
likely due to the fact that angle deviation in controls, as
used for this analysis, is small, resulting in a relatively large
CV. However, when changes in angle deviation are evalu-
ated, the reproducibility of the radiological procedure
should be kept in mind.
AIDA appeared to be a reliable method for measuring
small changes in joint space width and subchondral scler-
osis because the intra- and interobserver variation was
small. When compared with the conventional analogue
method, AIDA was easily applicable, and time needed to
perform the measurements did not differ from that of the
conventional technique. Interobserver variation seemed to
be smaller (not statistically significant) for AIDA. For radio-
graphic evaluation with AIDA, digitized images are man-
datory. However, digital images are increasingly readily
available in routine patient management.
With the most widely and generally used conventional
method, distances less than 0.5 mm cannot be determined
exactly, whereas measurements with AIDA are more pre-
cise because magnification of the image on screen is
possible and the computer gives the exact distance in
pixels. Indeed, three radiographs that could not be evalu-
ated by the conventional method could be evaluated using
AIDA. Nevertheless, the two methods yielded quite similar
results. Consistent with our observations also for the knee
comparable reliability for joint space width assessment
using a ruler or digital analysis was found25.
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Intraobserver variation for each observer; subchondral sclerosis is given as a value relative to the reference
circle, reflecting the tibial shaft bone density
Observer Subchondral
sclerosis
mean±S.D.
Mean  S.D. Range 95% C.I.
Tibia
A1–A2 1.52±0.29 0.00 0.22 −1.04–0.44 −0.44–0.44
B1–B2 1.61±0.42 0.03 0.07 −0.07–0.20 −0.11–0.17
Talus
A1–A2 1.51±0.34 −0.01 0.25 −1.20–0.46 −0.50–0.48
B1–B2 1.60±0.51 0.04 0.08 −0.06–0.27 −0.12–0.20
Mean =mean difference between first and second scores; S.D.=standard deviation of average difference
between first and second scores; range=range of difference between first and second scores; 95% C.I.=mean
difference±2×S.D.Table VI
Interobserver variation; subchondral sclerosis is given as a value relative to the reference circle, reflecting the
tibial shaft bone density
Observer Subchondral
sclerosis
mean±S.D.
Mean  S.D. Range 95% C.I.
Tibia
A1–B1 1.58±0.32 0.14 0.21 −0.09–0.92 −0.29–0.57
Talus
A1–B1 1.58±0.38 0.15 0.25 −0.07–1.17 −0.34–0.64
Mean =mean difference between first and second scores; S.D.=standard deviation of average difference
between first and second scores; range=range of difference between first and second scores; 95% C.I.=mean
difference±2×S.D.Fig. 5. Subchondral sclerosis before and after treatment. Subchon-
dral bone density was assessed using AIDA and normalized to the
intensity of the reference circle in the tibial shaft (see Materials and
methods). Subchondral bone density in tibia and talus of the
contralateral ankle (Ct0), the affected ankle before treatment (Et0)
and the affected ankle 1 year after initiation of treatment (Et12) is
shown.The important additional value of the digital method is
the direct availability of data concerning subchondral scler-
osis and the deviation of the angle of the joint. The grading
systems, which are frequently used to assess the severity
of OA by means of radiographs8,26, provide only subjective
and rough measures to grade the severity of sclerosis.
Using AIDA we were able to quantify subchondral sclerosis
objectively and reliably with respect to intra- and inter-
observer variation such that subtle changes in subchondral
sclerosis can be quantified. In osteoarthritic ankles,
subchondral sclerosis was found when compared with the
subchondral bone density of the contralateral control
ankles. When bone density was measured further away
from the bone–cartilage interface (the second and third
level), the observed changes were still statistically signifi-
cant, but less pronounced. Thus, bone sclerosis is greater
closer to the articular cartilage. Both measures, ankle angle
deviation and subchondral sclerosis, provide important
information for the radiographic evaluation of OA, which
gives AIDA advantage over conventional techniques.
Additionally, we used joint distraction as treatment for
ankle OA18,19,21–23 to validate AIDA. Previous studies
described that functional ability and pain had improved
significantly in more than two-thirds of patients, whereas
joint mobility was preserved upon distraction. Clinical
improvement increased slightly at follow-up. We have ana-
lysed the radiographs, which were made with the standard-
ized method, from 12 patients of this study with a follow-up
of 1 year. With AIDA we found that the joint space width
was increased in two-thirds of the patients a year after
initiation of treatment. Although this study was not designed
to prove that joint distraction increases joint space width,
the results obtained with AIDA confirm those of the
previous studies using conventional measurements18,21,22.
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